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Introduction
The rationale for using information and communication technology (ICT), technologies for the manipulation and communication of information through voice and sound, or images such as computers, computer-based assistive technology, special software, communication aids, in schools by students with physical disabilities is to prepare all students for participation in the information society (1, 2) . Incorporating ICTs, particularly computers and the Internet, into teaching and learning in education to increase the students "digital skills" has therefore become an important issue in both economically developed and rapidly developing countries (3-7).
Consequently, from an equality perspective, all students should have equal opportunity and appropriate support to acquire competence with the technology, irrespective of whether they have a physical disability or not (8, 9) . However, for students with disabilities, the literature appears to support the use of ICT as an assistive technology device (ATD), specifically designed to assist and enable an individual's participation, to a varying degree, in all occupational performance areas, but particularly in education, communication and play (10) (11) (12) .
Despite ICTs have been available in schools in many western countries in some decades, much of the research on using ICT in education has focused on benefits by children without disabilities (1, 3, 4, 13) . Empirical research is spare in regard to how ICT enhances the participation of children with physical disabilities in school activities (14, 15) . However, the literature has emphasised that ICT, as a computer-based ATD has the potential to enable children with physical disabilities to participate more fully in everyday activities, e.g. access to the class curriculum (14, (16) (17) (18) . The World Health Organization (WHO) for example stresses that ATDs are one strategy that can be used by children with disabilities to improve functioning and minimize the impact of environmental barriers to their participation in everyday life, such as school activities (19) . Therefore, research into the benefits of ICT use for participation in school activities for these students is needed (20, 21) .
Regarding children and youths with physical disabilities i.e. children with motor impairment (e.g. cerebral palsy, acquired brain injury), speech (communication), visual (blind, low vision) and hearing impairment (deaf, hearing loss), several studies have shown that their participation in school activities is restricted when compared with children without disabilities (18, (22) (23) (24) . In International Classification of Functioning, Disability and Health-children and youth version (ICF-CY) participation is consistent with "an individual's involvement in a life situation" (19) . Participation is also an essential aspect of children's health and well-being.
Through participation in school children acquire academic knowledge, but also learn about the expectations of society, learn to communicate and get along with others and develop the skills and competencies they need to become successful in their communities, thus gain increased opportunities to work in adult life (19, 25) . Although the literature suggests that ICT has the potential to enhance participation for children with disabilities in everyday activities (14, (26) (27) (28) (29) (30) , it is unclear what evidence research has provided whether ICT enhances participation in educational activities (31) . In addition, scholars (2) argue that studies on the quality of technology use are lacking in this research area, i.e. how technology is used, why and the benefit of use. A literature review will find out if empirical studies into the benefits of ICT use in school activities for students with physical disabilities are still needed. Therefore, the aim of the review is to investigate, type of ICT items and how ICT is being used by students with physical disabilities, and describe benefits of ICT use in school activities.
Method Inclusion and exclusion criteria
This literature review followed a systematic and structured methodological approach (32) (33) (34) .
The authors started by constructing a list of inclusion criteria that were intended to guide the search for articles. Inclusion criteria for the first database search were: a) only primary research, b) both qualitative and quantitative studies, c) articles published in English-language peer-reviewed journals, d) articles published in this century (from January 2000 to May 2012), on the basis of the rapid technical development, e) a study population of students with physical disabilities between 6-19 years of age, e) intervention studies with some type of ICT and f) benefits measured needed to address the use of ICT in school activities.
Initially, the intention was to include only intervention articles where the focus was on the outcome of ICT use in school activities. When the articles were read in full text, it appeared that many of the studies consisted of cross-sectional and descriptive designs, and the test environments were also often rehabilitation centres and clinics. Therefore, the inclusion criteria were revised to also include: descriptive studies. The use of ICT in "school activities" were accepted to be performed in environments other than schools, for example the rehabilitation clinic if the ICT were intended to be used in school.
Thus, studies that focused solely on outcomes relating to the ICT product design were excluded.
Search strategy
To locate and identify relevant articles a range of electronic databases (AMED, CINAHL, Eric, OTseeker, Psych Info, PubMed, Scopus) and reference and related citation lists in included articles were used (32) 
Search outcome
The database search resulted in 603 relevant titles which were screened by the first author, resulting in 325 identified abstracts. A manual search in the above-mentioned assistive technology journals resulted in another 3 abstracts. Duplicates and abstracts that clearly did not fulfil the inclusion criteria were excluded (n=212). Therefore, 116 abstracts were retrieved in full-article form to judge all the inclusion criteria. Of these, 82 articles were rejected, e.g. because of the study population was students without physical disabilities, or the participants were adults. The first author read each of the 34 articles, and scanned the reference lists of these articles. Additional articles were found when the reference lists in the included articles were scanned (n=7). The number of articles included into this step comprised 41 full-text articles. Figure I describes the selection process.
Data extraction and analysis
The Research Pyramid (36) has given the arguments for inclusion of both qualitative and quantitative research in this literature review. The critical review forms for quantitative and qualitative studies developed by the Occupational Therapy Evidence-Based Practice Group at McMaster University, Canada (37-39) were used to evaluate internal validity. These forms allow the reviewer to summarize information and evaluate the quality of the studies' purpose, background literature, design of the study, sample size, outcome measures, interventions and results. When the methodological quality was discussed by the authors, nine articles were rejected from the 41 full-text articles.
To compare and contrast the results of each study, data were extracted and organized in a matrix (32) . In the first phase the matrix was used to classify each article into categories, according to the type of research used: author/s/, year, country of origin, design, sample and measurement, purpose of the study, purpose of ICT use, as well as reported outcome of ICT use. In the next phase in the analysis process the completed matrix was used to group the studies reviewed in terms of students with mild and severe motor impairment, speech, visual and hearing impairment. In the third phase, type of ICT was identified and classified in relation to the type of impairment group. Four ICT categories emerged: 1) text-generating hard-and software (e.g. computer, word processing, word prediction software), 2) speech-generating hard-and software (e.g. communication aids, text-to-speech device, speech synthesizer), 3) access solutions (e.g. computer input interface, screen-keyboard), and 4) special software (e.g. software for education in maths, spelling, multimedia software). In the last phase the benefits of ICT use in each ICT category were analysed with the help of the matrix and the analysis in phase three, that is, ICT type in relation to type of impairment group.
Results
A total of 32 studies met the inclusion criteria for this review, presented in Tables II-VI. The countries of origin for the studies reveal that about one third of the 32 studies were conducted in the U.S.A. (n = 12), the remainder were conducted in Canada (n = 5), Australia (n=4), Sweden (n=3), Italy and Brazil (n = 2), and one in Finland, Israel, the Netherlands, and Spain, respectively. No studies were found from Asian and African countries.
Methodological aspects
In the present review, most of the studies (n=26) have a quantitative design: two with cohort designs (40, 41) , single-subject design (n = 4)(42-45), before-after design (n=10) (46) (47) (48) (49) (50) (51) (52) (53) (54) (55) , casestudy design (descriptive) (n = 5) (56-60), and six studies with a cross-sectional design (n = 6) (61-66). Five studies have a qualitative design (67-71). Table I presents the sample sizes in the four studied groups of students, that is, students with motor, speech, visual and hearing impairment. Altogether, two third of the studies reported a range of participants numbers from one to 15. In the group of students with speech impairment, all five studies had fewer than sixteen participants. All studies with students with hearing loss had between 6 and 30 participants.
In the review, more than half of the studies (17/32) concerned students with motor impairments use of ICT seven studies of these involved students with handwriting difficulties (42-44, 46-48, 66) (Table II) and 10 with students profound motor impairment (45, 49, 50, 57, 61-64, 67, 71) ( Table III) . The remaining 15 studies were divided equally into students with speech impairment (51-53, 68, 69) (Table IV) , students with visual impairment (56, 58, 59, 65, 70) ( Table V) and finally, students with hearing impairment (40, 41, 54, 55, 60) (Table VI) .
Half of the studies (16/32) (40-55) were intervention studies, where academic skills were addressed in nine studies (40-44, 46, 47, 51, 53, 55) , and skill improvement in the use of the computer was targeted in six of the included studies (45, 48-50, 52, 54) . The focuses of five studies were product development (56) (57) (58) (59) (60) . In these studies new types of devices and software, e.g. talking tactile tablet, multi-camera tongue switch, software in a virtual reality immersive environment, were tested in different school activities, e.g. learning math or writing. The remaining eleven descriptive studies delineated the use and non-use of ICT (e.g. access, satisfaction, as well as which activities) in school activities (61) (62) (63) (64) (65) (66) (67) (68) (69) (70) .
Type of ICT items and how ICT is used for students with physical disabilities

Students with mild to severe motor impairments
Six (42) (43) (44) (46) (47) (48) out of seven studies in students with mild motor impairment with handwriting difficulties (Table II) described and evaluated the use of a combination of textgenerating hard-and software; computers and software, such as word processing, word prediction and or word-cueing programs. Use of computers and word-processing programs with and without word-prediction software has been studied by examining legibility (42, 44, 46, 47) , speed in writing (42) (43) (44) (46) (47) (48) , amount of written text (42) (43) (44) 47) but also the number of correctly spelled words (42, 44, (46) (47) (48) before and after the treatment period.
All studies in students with severe motor impairment included uses of computer and an access solution (Table III) . These access solutions ranged from newly developed products, e.g. voicedetecting sensor (49) , micro switch and keyboard emulator (45) and contact tongue protrusion (57) , as well as commercial products, such as switches and screen keyboards (50) . The computer and the different access solutions were studied to facilitate students writing (45, 49) , to interact with their surroundings (57) , and to contribute to attaining students´ Individual Education Programme (IEP) goals (50) . Table IV shows speech-generating hard-and special software studied in five studies, used in students with speech impairment. The three intervention studies focused on increasing the students' communication skills (51, 53) and spelling performance (52) . Because students with speech impairment often had severe motor impairment, an access solution was needed as an input tool for the computer-based communication aids (53, 68) , which often consisted of a screen keyboard which in turn controls a variety of software applications. These access solutions were not investigated in these included studies. 
Students with speech impairment
Purpose of the study
To explore the perceptions of children with physical disabilities regarding their writing and communication aids.
To investigate the experiences of general education teachers who had included students with AAC in their classes.
To enhance the language and literacy skills of the participants to increase their participation in school activities. 
Students with visual impairments
In Table V shows five studies in students with visual impairment and their use of ICT. Four of these had studied the students' use of speech-generating hardware together with special software applications (56, 58, 65, 70) . In two studies new ICT items were tested with the purpose of making graphical elements in maths accessible (56, 58) . In addition, an access solution system (single-switch text-entry system) was investigated to enable a student with visual impairment and severe motor impairment to use the computer for writing (59) . The special maths software (56), the Talking Tactile Tablet (58) and an advanced text-entry solution (59) were newly available devices and the students' performances were measured with and without the new products.
Students with hearing impairment
Students with hearing impairment using computers with special multimedia software applications were found in five articles, as can be seen in Table VI . Purposes of the use of special software in teaching were to facilitate learning of mathematics (60) , to increase vocabulary for communication (54, 55) , and reading (40) .
Altogether the analyses indicate that the type of ICT used differed among impairment groups.
The results in Table II and III show that text-generating hard-and software was the ICT which was most frequently studied in relation to students with mild motor impairment. Textgenerating hardware was also studied, with a focus on access solutions or as a communication aid in the group of students with severe motor impairment with and without speech impairment.
Computer-based communication aids where a type of speech-generating hardware and special software were, for obvious reasons, used for students with difficulties in speaking and communicating (Table IV) . Table V shows that ICT, as speech-generating hardware together with special software applications, also occurred in four out of five studies in students with visual impairment. The auditive feedback may be a facilitator in reading and writing, as an option instead of reading and writing with the use of Braille (65) . Finally, computers with special multimedia software applications were the types of ICT that had been used and studied in all articles in students with hearing impairment. Regarding how ICT was being used in the 16 intervention studies, Tables II-VI indicated that the purposes of the ICT interventions were either to compensate for the disability (42) (43) (44) (45) (46) (47) (48) (49) (50) (51) 53) or to exercise to improve functional capacity (40, 41, 52, 54, 55) .
Benefits of ICT use in school activities
The outcomes in studies of students with mild motor impairment with handwriting difficulties (Table II) indicated that computer use with this type of ICT facilitated students' quality in writing (42) (43) (44) (46) (47) (48) , such as decreased spelling errors and increased legibility. However, the students' writing speed had not increased in two (43, 44) out of six studies. In a survey, teachers held the opinions that laptop computers increased quality, speed and ease of written output, which improved self-confidence in students with mild motor impairment and also enabled equity with peers (66) . Findings in three studies (42, 43, 66) indicated that conditions in the environment were crucial in terms of whether the outcome of ICT use was successful or not. Examples of beneficial conditions were access to computers and software (portable computers was preferable) and teachers' knowledge of the use of word-prediction programs.
Other benefits reported, based on teacher and therapists observation, were children's increased motivation for writing and the fact that writing became less tiring when a computer was used (44, 47, 48) .
In one study (50) , the outcomes for students with severe motor impairment (Table III) and their use of access solutions were that ATDs as an intervention strategy were more successful than nine other possible intervention strategies to reach the students' IEP goals in special education. In the intervention studies (45, 49, 50) , one indicated that the writing speed increased in one of two boys (49) , another that one student's writing performance had increased through the use of a micro switch (45) . Moreover, findings in a survey of students with motor impairment (62) showed that the computer improved opportunities as an educational tool (e.g.
to search for information), an alternative tool for learning (e.g. to exercise with special software) or as a compensatory tool in school activities (e.g. writing and communicating).
Findings showed positive outcomes relating to educational inclusion in students with speech impairment (51-53, 68, 69) (Table IV) . The students' communications skills (51-53), such as answering and asking questions in class, increased, which facilitated participation in social activities in school and outside school. In one study (68), the students described that they used ICT as communication aids but also as a text-generating device for writing and reading.
The AAC system provided also opportunities for independent play (53). Negative descriptions of using communication aid in classes were found, emerging from the students who used the devices, e.g. insufficient vocabularies, lack of related services, as well as poor usability (52, 69) .
The outcome in studies related to visual impairment indicated ( Table V) that all new products holds promise (56, 58, 59 ), e.g. provided a functional text-entry solution for students with low vision (59), even if the students had comments on the design of the products. The two (56, 58) intervention studies with the purpose of increasing the maths skills of youths with visual impairments showed that the students' performance in maths was significantly better when using the special software. In addition, parents and teachers reported that use of ICT promoted social inclusion and facilitated schoolwork by students with visual impairment (65, 70) . Despite this, the result from one of the descriptive studies with 58 participating teachers who teach students with visual impairment (65) showed that most of them (95%) did not use ICT in the target group.
Students' knowledge in vocabulary and phonic skills was measured in three studies before and after the intervention. The outcomes (40, 54, 55) showed that students with hearing impairments (Table VI) benefited from visual feedback from the computer and multimedia software, e.g. signs created as an avatar, or a combination of images of the words clarified by lip reading, to facilitate reading. In the fourth intervention study (40) , the test found that auditory training using special software was effective, providing improvement in the speechperception ability for the 17 participating children. However, in the study (41) where two 3D animated interactive software applications for teaching maths and science to deaf students were tested, showed no subject effects.
Discussion
The aim of this review is to investigate type of ICT items and how ICT is being used by students with physical disabilities, and describe benefits of ICT use in school activities. Furthermore, two different purposes appeared when the aims of the interventions of ICT use in the studies were analysed: to compensate for the students' difficulties and to practise with the help of the ICT to increase functional capacity. In both cases ICT has been used as ATD, which has been studied for many years in children with motor impairments (72, 73) .
However, the results in present study provide some evidence that use of computer and special software improves students' writing ability, in terms of speed, legibility and spelling. Despite the fact that the evidence level is low with small numbers of participants, this is a positive outcome, as writing is an important activity in school, and a prerequisite for participation in other educational activities. In a study of children without disabilities findings showed that writing by keyboard does not necessarily lead to improvements in the amount of written text (75) . This result makes us understand that, for some students with physical disabilities, computer use has specific opportunities to facilitate writing, but computing does not improve writing for all students. The computer as a writing tool has been used for many years, so one unanticipated finding was that only studies in students with motor or speech impairment have been found, but no studies e.g. in students with visual impairment. This is true in spite of findings that indicate that computer and speech synthesis are beneficial tools for students with visual impairment in maths, and should also be beneficial in writing. Are the benefits so obvious and therefore uninteresting to study, or is the tradition in ATD research to focus on product development such as special software and access solutions, rather than to investigate the benefits of the ATDs on students' school performance, such as writing?
In the studies included findings indicate that ICT can be considered to improve writing in speed and script quality for some students. Nevertheless research is still sparse on the benefits of ICT use where writing is an activity in occupations and in today's and future education. MacArthur (76) point out that it is clear that digital skills such as searching for information online, integrating multimedia in writing, and writing online will be important digital skills today and in the future. This research needs to go further and evaluate the new ICT critically but proactively, so systemic improvements can be made in the students' environment and in the development of ICT.
Every effort was made to undertake a thorough review of the literature pertaining to the benefit of ICT use in school activities in students with physical disabilities. The lack of intervention studies is not unexpected since earlier research identified difficulties in including ICT in education (11, 27, 77, 78) and students' dissatisfaction with access to the computer-based ATDs affects the use of ICT in schools (30) . Findings in the descriptive studies showed that ICT is not used in schools to the extent that was desirable from the students' perspective (62, 71) .
Benefits of ICT use in the interventions studies were often measured from a functional perspective, e.g. decreased spelling errors, improvement in the speech-perception ability, and performance in maths. The functional perspective often assumes that children always choose to use an ATD to compensate for their impairment. However, psychosocial aspects, such as how the ATD influenced children' self-images and peer reactions to the ATD, appeared to be important from the children' perspective (26, 71) . Thus findings indicated that psychosocial aspects in relation to performance opportunities are important when children chose whether ATDs were worth using or not. It is documented that outcomes of ATD are depicted as resulting from the interaction among different characteristics: specific device-type, its users, and their environment (79, 80) . A good match of these aspects is essential if the technology may be used, or will be used optimally (79 ) .
Accordingly, difficulties in measuring the outcomes of the ICT use are complex and therefore might be another explanation for why few intervention studies were found. No RCT studies were identified, and only two studies had a control group. Scholars in the area point out the need to develop new methods for assessing research quality in this area (31, 81) , especially for situations when control groups or large samples are not possible, i.e. in situations that often occur within ATD outcomes research (82).
Finally, the answer to the question in the introduction is still that ICT has the potential to be used for many different types of activities (9, 62, 74) . Only a small amount of evidence to support the use of ICT was found to promote the inclusion of students with physical disabilities to achieve equal opportunities in education, thus facilitating school tasks and social interactions. The review found that empirical studies in nature contexts is still missing in benefits of ICT use by students with physical disabilities, mainly in relation to students with visual, hearing and communication impairment.
Conclusion
Despite considerable heterogeneity across the studies, the literature reviewed appears broadly to support that students with physical disabilities benefit from ICT use in schools, regardless of the type of ICT. ICT seems especially beneficial for writing, spelling and communication. For future research it is important to highlight intervention studies to investigate whether ICTs are powerful educational tool for students with physical disabilities, such as motor, visual, hearing and communication impairment -not just as an ATD to compensate for or remediate the impairment for students with physical disabilities. This complexity is also a reason why there is limited evidence of ICT use in schools by students with physical disabilities (31) .
